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Abstract 
The technique called Differential Optical Absorption Spectroscopy (DOAS) is useful for optical 
remote sensing, enabling measurement of atmospheric trace species over a long distance of a few 
kilometers [ 1]. The DOAS method based on a intense light source such as a xenon lamp emitting 
visible radiation is quite suitable for urban air pollution studies, since both nitrogen dioxide (NO2) 
and aerosol, the most important pollutants originated from human activities, can be directly measured 
using a near horizontal light path in the lower troposphere. In contrast to such active DOAS approach, 
the use of direct solar radiation can possibly be used for the retrieval of the same air pollution species. 
In this study, we describe a non-scanning, fiber-based sensor for monitoring the sunlight. Three 
independent optical fibers are directed toward slightly different azimuthal directions along the ecliptic, 
receiving the sunlight during several hours around noon. The ends of the fibers are bundled together 
at the surface of a diffuser plate. The scattered light from the plate is collected with a lens, and 
coupled to another fiber that, in tum, is connected to a high resolution spectrometer (USB 2000+ ). 
This spectrometer can transmit the data in every 100 ms to a PC for implementing the spectral 
analysis. 
The measurement was carried out on three, nearly cloud-free days on 11-13 January 2012. The 
spectral features in the wavelength range between 400 and 700 nm can be used for the aerosol 
retrieval, whereas that between 400 and 450 nm for the DOAS measurement of NO2. The resulting 
column values are compared with the simultaneous data taken with a collocated sunphotometer and 
CEReS DOAS spectrometer [ 1]. Also, the data obtained from nearby ground sampling stations are 
taken from AEROS database. 
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1. Introduction 
In recent years, the atmospheric pollution in Japan 
has been improved as a whole, as compared with 
situations a couple of decades ago. Nevertheless, 
occurrence of air pollution exceeding the 
environmental standards is still seen in places such 
as urban roadside and factory areas. Therefore, 
efforts are required for monitoring anthropogenic air 
pollution, especially the combustion products such 
as nitrogen oxides and aerosol particles, also known 
as suspended particulate matter (SPM). The 
determination of total ( column) amount of such air 
pollutants can be implemented via optical 
measurement, in which the spectral intensity is 
compared before and after the extinction (i.e. the 
sum of scattering absorption) (1). In this study, we 
experiment the DOAS method to measure this. 
2. Data and Methodology 
Raw data is basically retrieved from the 
spectrum capturing devices such as spectrometer. 
The design of the spectrometer and how it is 
supported by other devices in capturing the signal 
that differentiate DOAS method one from another. 
In terms of light source there 2 types of DOAS, 
active is when the light source is an artificial light 
such as Xenon lamp, while passive DOAS only 
relies the source from the direct and scattered 
spectrum of the sun. Pulsed or Long Path DOAS 
is an example of active DOAS and Multi Axis 
DOAS is passive, Fig. 1. The direct sun-light 
DOAS is also categorized as passive and 
considered low cost as it only uses 400um optical 
fibers. In our laboratory we experiment all these 
types ofDOAS with the path shown in Figure 1. 
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Figure 1. Types ofDOAS used in Chiba University measurement. A. LP DOAS B. MAX DOAS 
Figure 2. The direct sunlight DOAS configuration with USB200o+ Spectrometer. 
The Direct Sunlight DOAS method is similar to 
MAX DOAS technique (2). It uses three 
independent optical fibers are directed toward 
slightly different azimuthal directions along the 
ecliptic, receiving the sunlight during several 
hours around noon. The ends of the fibers are 
bundled together at the surface of a diffuser plate. 
The scattered light from the plate is collected with 
a lens, and coupled to another fiber that, in turn, is 
connected to a high resolution spectrometer (USB 
200o+). 
The analysis of the DOAS spectra is based on 
the Beer-Lambert's law expressed as: 
(1) 
where J(l) is the measured intensity, k is the 
system constant, I rl)) is the unattenuated reference 
intensity, L is the path length, a(l) the 
wavelength-dependent absorption cross section, 
and n is the number density of the species 
averaged over the path length. The dimensionless 
quantity La(l)n represents the optical thickness, 
denoted as r . Below we describe the algorithm 
developed for the retrieval of NO2 concentration 
and the aerosol optical thickness. After the 
background subtraction, the observed light 
intensity /obs(),) can be expressed as: 
I (l) = k lref()J Tg()J Tm(l) Ta(l) (2) 
Where 
I(A): the observed spectrum 
K : Apparatus constant 
Iref(A) : reference spectrum 
Tg(A) : NO2 Transmittance 
Tm(A):moleculetransmittance 
Ta(A) : aerosol transmittance 
From the formula above we can derive equations, 
rm= 0.00535 :l-(3.
916+0.o?4).+0.05!).J ( :l in µm) (3) 
ra = B :l -A ( :l in µ m) 
T = exp(- r) (4) 
I' ( :l) = I( :l) I !ref( :l)Tm( :l) = kTg( :l)Ta( :l) 
lo'( :l) =kTg( :l) 
Tg( :l) = I' ( :l) Ila' ( :l) 
rg = -ln[I' ( :l) I lo' ( :l)J = ln[lo' ( :l) I I' ( :l)] 
rg = O"( :l)NL (5) 
with this equation we can obtain the gas column 
density (3). 
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Data was acquired in 3 consecutive days on 
January 11-13, 2012 at the period of 11.00-14.30 
time of observation. The dates were chosen for a 
cloud free condition to maximize the probability 
of having the N02 and Aerosol detected. Sun 
spectrum was captured using a self-made program, 
DANDOAS, with an integration time of every 
100 ms and interval of every 60 second data. The 
fibers were facing the directions from 180-185 
degrees. 
Below is the graph showing the raw data taken on 
3 different dates, Fig 3. And data taken on 
2012-01-11-11.00 compared with the spectrum of 
the sun at the Top of Atmosphere (TOA) from 
400-1000 nm wavelength and the standard air 
mass, AM 1.5. 
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Fig. 3 Raw data measured at 3 different dates at 
the same acquisition time 
Fig. 4. Raw data (blue) compared with AMl.5 
(pink) and sun spectrum of the Top Of 
Atmosphere (TOA) (yellow) on the wavelength of 
400-1000 nm. 
The observation intensity data of 400-450 nm 
after being normalized were compared with the 
spectrum of TOA at the same wavelength to 
obtain the transmittance value. The differential 
optical thickness ( � r ) can be obtained from the 
difference of the transmittance value and the value 
of slope of the wavelength and the transmittance. 
Finally the (� r ) normalized to match with the 
differential absorption cross section of NO2 (�a) from 
the laboratmy experiment. 
3. Result and Discussions 
Below are the graph created from analysis. 
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Fig. 5. The slope created from the transmittance 
value for each observed wavelength 400-450 nm. 
On the graph it is noted that the transmittance 
value for 4 28-4 3 5 nm wavelength are missing due 
to the inconsistencies of the measurement after the 
spectral matching, Figure 6 .. 
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Fig. 6. Spectral matching of the � r and � a . 
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Fig. 7. Scatter plot of � r and �a. 
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From the differential optical thickness (i1 r ) 
normalized value and the differential absorption cross 
section (L1 a) normalized value, a scatter plot was created 
to obtain the value of the N02 gas column density, Fig 6. 
Of the scatter plot, the slope is y = 0.049lx + 0.0142 
indicates strong linear relationship while the R2 value is 
less than 0.5 indicates the relative column density is weak 
(4). 
We also compare the result with other measurement 
conducted within local area of DOAS system and ground 
measurement of AEROS soramame data. 
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Fig. 8. Measurement oflocal DOAS system. 
When compared to that observed by DOAS and 
Clnba University (OOAS Clnba univ.), there is a high 
value on the average degree of 5ppbv which is better 
results of DOAS measurement in Samukawa 
Elementary School Ground Station (3). It is 
obvious changes were seen at high concentrations of 
N(h in the summer becomes low in concentration 
compared to the winter season 
4. Conclusion and Further works 
DOAS technique has been proven to be reliable in 
retrieving trace gas concentration and particulate 
matter and for preliminary result, using DOAS 
technique direct to sunlight without scanning 
devices enable the efficiency and low cost devices 
in measuring pollutant concentration in the certain 
atmospheric column in any given condition. 
Further work will be carried out in analyzing the 
data and compared with other measurement result. 
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